Abstract. In this proceedings some studies on the prospects of single top production at the Large Hadron Electron Collider (LHeC) and double Higgs production at the Future Circular Hadron Electron Collider (FCC-he) shall be presented. In particular, we investigated the tbW couplings via single top quark production with the introduction of possible anomalous Lorentz structures, and measured the sensitivity of the Higgs self coupling (λ) through double Higgs production. The studies are performed with 60 GeV electrons colliding with 7 (50) TeV protons for the LHeC (FCC-he).
Introduction
In the Standard Model (SM) of particle physics the top quark, the heaviest among all matter particles, and the Higgs boson, a particle responsible for giving masses to all matter particles and gauge bosons, play a crucial role in the model. And hence it has been, and still is, a challenge for colliders to study different characteristics of these two particles. These characteristics include their charge, mass, interactions and coupling strengths with other particles etc.
As such we shall briefly review some of the important properties of the top quark and the Higgs boson from theoretical calculations and results from present and past colliders. We will then present some predictions for a future e − p collider known as the Large Hadron Electron Collider (LHeC) and the Future Circular Hadron Electron Collider (FCC-he) at a center of mass energy √ s ≈ 1.3 TeV and √ s ≈ 3.5 TeV, respectively. The structure of this proceeding shall then be: section 2 is devoted to the top quark studies, sections 3 and 4 are devoted for the Higgs boson studies in e − p collisions. We conclude our inferences based on our studies in section 5.
The top quark at the LHeC
In this section we briefly review the physics potential of the proposed LHeC by estimating the accuracy of anomalous W tb couplings in the single anti-top quark production through e − p collisions [1] . Within the SM the W tb vertex is purely left-handed. However, the most general lowest dimension CP conserving (in effect of which the couplings are real) Lagrangian for this vertex is given by
vanish at tree-level, but are non-zero at higher orders. The constraints on these couplings are the following:
• Assuming only one anomalous coupling to be non-zero at a time:
Loop Corrections:
Single anti-top production
We analyze the anti-top production through the hadronic and leptonic decay modes of W 's as (a) e − p →tν e , t → W −b , W − → jj and (b) e − p →tν e , t → W −b , W − → lν l , respectively. We impose the following selection cuts on events:
• Minimum transverse momenta: p T b,j ≥ 20 GeV, p T b,l ≥ 25 GeV and / E T ≥ 25 GeV;
• Pseudorapidities: ηb ,l ≤ 2.5 and |η j | ≤ 2.5;
• Isolation cuts: ∆R ij ≥ 0.4 where i, j are leptons, light-jets and b-jets;
After estimation of all possible backgrounds in both channels, imposing the above selection cuts, we observed high yields of single anti-top quark production with fiducial efficiency of ∼ 70 % and ∼ 90 % in the hadronic and leptonic decay modes of W − respectively.
Estimators and χ 2 analysis
To find the sensitivity of all non-standard couplings, we follow three different approaches based on one dimensional histograms. In the histograms we compare the SM distributions, including all backgrounds, with all non-standard couplings with representative values Table 2 : Asymmetries and errors associated with the kinematic distributions in leptonic histograms at an integrated luminosity L = 100 fb −1 .
Angular Asymmetries from Histograms:
As a preliminary study in order to get a feel for different chiral and momentum dependencies of couplings, the following asymmetries are defined:
with 0 ≤ ∆φ ij ≤ π. The asymmetry A α and its statistical error for N A + and N A − events, where
are calculated using the following definition based on binomial distributions:
Here
is the total cross section in the respective channels after imposing selection cuts and b = 0.6 is the b/b tagging efficiency. Tables 1 and 2 show how asymmetries are affected due to anomalous couplings of the order 10 −1 . The asymmetry suggests that the distribution of the cosine of the angle between the taggedb quark and the highest p T jet j 1 in the hadronic mode is the most sensitive observable.
Exclusion contour from bin analysis:
To make the analysis more effective we perform the χ 2 analysis defined as:
where N th k (f i , f j ) and N exp k are the total number of events predicted by the theory involving f i , f j and measured in the experiment for the k th bin. δN exp k is the combined statistical and systematic error δ sys in measuring the events for the k th bin. If all the coefficient f i 's are small, then the experimental result in the k th bin should be approximated by the SM and background prediction as
The error δN SM k can be defined as
The χ 2 analysis due to un-correlated systematic uncertainties is studied for three representative values of δ sys at 1%, 5% and 10 %, respectively. And the sensitivity of |V tb | ∆f L 1 at 95% C.L. is found to be of the order of ∼ 10 −3 − 10 −2 with the corresponding variation of 1% -10% in the systematic error (which includes the luminosity error). The order of the sensitivity for other anomalous couplings varies between ∼ 10 −2 − 10 −1 at 95 % C.L.
Errors and correlations:
Further, defining the combined χ 2 comb. (f i , f j ) and taking into account of luminosity error L ≡ βL, β = 1 ± ∆β:
the sensitivity of |V tb | ∆f L 1 ∼ 10 −2 and for other couplings it is ∼ 10 −4 for ∆β ≥ 5%. Our analysis shows that the anomalous W tb vertex at the LHeC can be probed to a very high accuracy in comparison to all existing limits.
The Higgs boson at the LHeC
As mentioned in the introduction, the Higgs boson searches are of utmost importance for all past and present colliders. However, some properties need to be measured accurately and in this respect future colliders also play a very important role. In Ref. [2] the authors studied the hbb coupling at the LHeC, and they demonstrated that the requirement of forward jet tagging in charged current events strongly enhances the signal-to-background ratio. The charged current process at the LHeC is W -vector boson fusion and hence one could measure hW W coupling strength as well. CP properties of the Higgs boson can be determined by considering an effective five-dimensional vertex, given as [3] ,
where λ and λ are the effective coupling strengths for the anomalous CP-conserving and the CPviolating operators, respectively. They have shown that the azimuthal angle between missing energy and non-b jet ∆φ M ET −J is a powerful and unambiguous probe of anomalous hW W couplings, both for CP-conserving and violating type. 
Double Higgs boson production at the FCC-he
Further plans for a high-energy LHC provides 50 TeV protons and hence the LHeC center of mass energy could be increased up to ∼ 3.5 TeV with 60 GeV electrons, named as the FCChe. This energy provides opportunities to probe the Higgs self coupling strength g
hhh through double Higgs boson production. In this work we consider the speculated detector parameters and cut-based analysis to get charged-current signals with respect to all possible charged/neutralcurrent and photo-production backgrounds [4] . A statistical analysis is also performed to find the sensitivity of g (1) hhh with other effective couplings described with the following effective Lagrangian:
Here g (1) hhh is defined such that it appears as a multiplicative constant to λ SM i.e; λ → g (1) hhh λ SM in the potential for electroweak symmetry breaking in the SM:
hhh , g
hW W , g
hhW W , and g (2) hhW W are CP-conserving, whereasg hW W ,g hhW W are CP-violating effective couplings. m h and m W are respectively masses of the Higgs and W -bosons, W µν = ∂ µ W ν − ∂ ν W µ .
Cross section, Detector setup and cut-based analysis
Fiducial cross sections for signal and backgrounds, before cut-based analysis, are shown in Table 3 . For signal we consider the charged current process pe − → ν e hhj, h → bb. Photo-production backgrounds are very important for signals, other charged/neutral-current backgrounds, and those backgrounds estimated through "Equivalent photon approximation structure functions"; which is calculated with the "Improved Weizsaecker-Williams formula" [5] . hhh with error bar at each value of g (1) hhh , (b) local error through linear interpolation at each value of g (1) hhh .
In the detector setup, the maximum rapidity |η| range is up to 7. For the b-tagging, the jets with |η| < 5 and transverse momentum p T > 15 GeV is taken. The fake rate for a c-initiated jet and a light jet to the b-jet is 10% and 1% respectively. The weight corresponding to the b-tagging efficiency or fake rate is assigned to each event. Furthermore, the following cut flows are taken for analysis:
• Select 4 b + 1-jet: p jet T > 20 GeV, |η| < 7 for non-b-jets, |η| < 5 for b-jets. The four b jets must be well separated within ∆R > 0.7 1 in case of overlapped truth matching in the b-tagging.
• Rejecting leptons with p e − T > 10 GeV (to suppress the neutral-current process).
• η f orward−jet > 4.0, the forward jet as defined as the non-b-jet which has the largest p T after selecting at least 4 b-jets. And the significance is calculated with a Poisson distribution 3 , considering the expected signal (S) and background (B) yields at 10 ab −1 luminosity. After performing these cut based analyses the signal events are ∼ 63 with respect to total background events ∼ 35 and s = 8.7. A 5% systematic error is introduced into signal and backgrounds. 1 The ∆R is defined as the distance between two objects i and j in the rapidity-azimuthal plane: ∆R = (φi − φj) 2 + (ηi − ηj) 2 , where φi and ηi are the azimuthal angle and the rapidity of the object i. 
hhh has only the upper limit because the cross section dependence is monotonic in this region.
Statistical analysis
Following the method given in Ref. [6] , exclusion limits for g (1) hhh are calculated. Fig. 1 shows significant behaviour of cross section variation with respect to g (1) hhh , which is expected, due to interference between resonant and non-resonant Higgs mediation in the charge-current signal process. The 95% upper limits of all effective couplings appear in the Lagrangian Eqs. (12), (13) and (14) due to cross section influence, are also calculated and shown in Fig. 2 . The sensitivity of CP-even and odd HW W effective couplings, g (1) hW W andg hW W , are of the same order as g (1) hhh ∼ 10 0 . However, for g (2) hhh ∼ 10 −3 − 10 −4 and g (2) hW W , g (1, 2) hhW W ,g hhW W , these are of the order ∼ 10 −2 .
Conclusion
We briefly reviewed the physics potential of future e − p colliders, speculated to build on top of the LHC, through the top quark and Higgs boson physics. And we infer that the LHeC and the FCC-he is a viable option to study top and Higgs physics, and for the measurement of related couplings to high accuracy.
